Abstract: In the past, little or no attention was paid to cognitive disorders associated with depression (a condition sometimes termed pseudodementia). However, recent years have seen a growing interest in these changes, not only because of their high frequency in acutestage depression, but also because they have been found to persist, as residual symptoms (in addition to affective and psychomotor ones), in many patients who respond well to antidepressant treatment. These cognitive symptoms seem to impact significantly not only on patients' functioning and quality of life, but also on the risk of recurrence of depression. Therefore, over the past decade, pharmacological research in this field has focused on the development of new agents able to counteract not only depressive symptoms, but also cognitive and functional ones. In this context, novel antidepressants with multimodal activity have emerged. This review considers the different issues, in terms of disease evolution, raised by the presence of cognitive disorders associated with depression and considers, particularly from the neurologist's perspective, the ways in which the clinical approach to cognitive symptoms, and their interpretation to diagnostic and therapeutic ends, have changed in recent years. Finally, after outlining the pharmacodynamics and pharmacokinetics of the first multimodal antidepressant, vortioxetine, it reports the main results obtained with the drug in depressed patients, also in consideration of the ever-increasing evidence on its different mechanisms of action in animal models.
Introduction
Depressive disorders, due to their prevalence, functional burden and complications, are conditions that have a substantial social impact; they also carry a considerable risk of becoming chronic. Despite this, relatively few innovative medications for the condition have been developed in recent years. It was recently reported that depression is estimated to affect more than 300 million people worldwide, with the number of cases increasing by 18% between 2005 and 2015. 1 In Italy, approximately 10% of the population has had at least one episode of depression in their lifetime, 2 and major depressive disorder (MDD) and dysthymic disorder have estimated prevalence rates of 10.1% and 3.4%, respectively. 3 In Europe, the prevalence of depression in the elderly population (≥65 years) has been found to stand at around 10-15%, 4 ,5 rising to 20-25% among elderly nursing home residents. 6 Furthermore, with today's widespread use of antidepressant drugs, the risk of recurrence of depressive episodes is very high, with chronic forms of depression reportedly developed by around 20% of patients affected by MDD, especially those who present residual depressive symptoms during remissions. 1, 7 There has also been a steady increase in antidepressant use in elderly people, especially in the "older old". 8 Selective serotonin reuptake inhibitors (SSRIs) are currently the most commonly used antidepressants, often emerging as the first-choice treatment on the basis of their efficacy and tolerability profile and ease of use. Sleep disorders and poor appetite are often the first symptoms to improve in response to pharmacological treatment, although this may apply more for tricyclic antidepressants than SSRIs. Agitation, anxiety and depressed mood are manifestations that generally improve later.
Other symptoms, including asthenia, poor concentration, lack of initiative and reduced libido, tend to be less responsive to pharmacological treatment. Among the symptoms most frequently reported, by patients and their relatives, special mention should be made of cognitive disorders, which include deficits in various domains: attention, executive functions, memory and processing speed. 9, 10 These disorders often tend to persist even during remission of depressive symptoms: in prevalence terms, cognitive problems in individuals affected by MDD have been reported to be "present 85-94% of the time during depressive episodes and 39-44% of the time during remissions". 7 Major depression is often associated with cognitive problems, but in some cases, this loss of higher mental function dominates the clinical picture and has a significant impact on the overall functioning of the individual concerned, giving rise to the controversial condition for decades labeled pseudodementia.
Cognitive symptoms of depression and the concept of pseudodementia
The term pseudodementia was coined by Kiloh in 1961. 11 Since then, it has been used, rather loosely, to describe cognitive deficits occurring in depression, especially in the elderly, and no meaningful attempt has been made to set its characteristics within a nosographic framework. Indeed, over time, the condition has continued to be poorly characterized neuropsychologically, and it has never been properly integrated into the currently used dementia classification systems. 12 In the 1980s, it was included among the reversible or treatable "subcortical" forms of dementia, together with, for example, normotensive hydrocephalus and metabolic dementia. 13 Subsequently, various attempts were made to redefine the condition; according to one of these, pseudodementia is cognitive impairment of the dementia type that correlates positively with unipolar affective (mood) disorders, previous mood disorders and favorable outcomes, and negatively with non-depressive conditions and confusion disorders. 14 In the 1990s, however, it became more apparent that a depressive state associated with cognitive impairment can be the prodromal stage of dementia that is actually irreversible. 15 In this regard, a more recent meta-analysis study found depression to be associated with a twofold increased risk of developing dementia. 16 Along the same lines, an observational study found that over a period of at least five years, more than 70% of elderly patients initially presenting with pseudodementia converted to overt dementia, as opposed to 18% of subjects initially defined cognitively intact. These findings indicate that cognitive impairment in elderly individuals with moderate-to-severe depression is a strong predictor of dementia. 17 Over the years, there has been increasing criticism of the term pseudodementia from authors who, on the basis of their clinical experience, consider it to be redundant and misleading, given that a complete history and thorough clinical examination of the patient are usually sufficient to establish adiagnosis. 18 More recently, some authors have even stated that, among the "very old", the presence of cognitive disorders in patients with depression, including those with a lifetime history of mood disorders, almost always indicates an incipient dementia process and should prompt the specialist to start an appropriate diagnostic and therapeutic workup for dementia. 19 Furthermore, the DSM-V 20 identifies cognitive disorders as core symptoms of depression and includes several (difficulty thinking and concentrating and/or making decisions) among the diagnostic criteria for MDD. Although the DSM-V acknowledges, in its commentary, that disorders of the cognitive sphere-particularly those involving memory-can persist following improvement or remission of depressive symptoms, and therefore be interpreted as the initial presentation of dementia, a definition of "reversible dementia caused by psychiatric illness" is not yet contemplated as a formal diagnostic category, contrary to what some authors recommend. 21 On the other hand, it should always be remembered that, in depressed patients, reversible cognitive deficits can sometimes coexist with irreversible ones, and thus with true dementia. 22 It is now recognized, on the basis of observations and scientific evidence, that cognitive disorders are a core feature of the clinical picture of depression and should not be considered merely secondary to it; moreover, they are among the main causes of functional impairment in depressed patients. Cognitive symptoms should therefore be regarded as a partially independent dimension of MDD, and an important target of any treatment that is initiated. 23 Differential diagnosis: the neurologist's perspective
In clinical practice, it is extremely difficult to distinguish, early on, between cognitive impairment (degenerative or vascular) that is destined to advance and depressionrelated cognitive impairment that can be reversed. Although various features have been identified to help support this differential diagnostic process (Table 1) , on their own they are insufficient. Nevertheless, in recent years, there have been several interesting developments in this field. For example, it has been observed that on certain neuropsychological tests (the clock-drawing test, Stroop test, the Boston Naming Test and above all facial recognition tests, like the Benton Facial Recognition Test), the performances of patients with Alzheimer's disease (AD) differ significantly from those of patients with pseudodementia, who, moreover, do not show the reduced left hippocampal volume that instead characterizes patients with AD. 24 However, it is widely felt that the use of neuropsychological tests alone (the traditional ones at least) does not allow good diagnostic definition, 25 and indeed neurologists now have at their disposal other tools (in addition to neuropsychological tests) that can be applied at increasingly early stages to assist in the diagnostic workup of dementia (degenerative forms at least), namely biological disease markers.
A diagnosis of dementia based on the DSM-V criteria still requires the presence of a deficit in one or more cognitive domains, severe enough to interfere with social functioning, work functioning or activities of daily living. 26 Developed on the basis of a probabilistic approach, the NINCDS-ADRDA diagnostic criteria, 27 the first to be developed for AD, distinguished between three clinical forms of AD: probable, possible and definite. Probable AD was defined by the presence of a progressive worsening both of memory and of another cognitive function, onset between 40 and 90 years of age (most commonly after the age of 65), and the absence of consciousness and other systemic or cerebral disorders that might account for the decline. Patients showing atypical features in the natural history of the disease (its onset, clinical presentation or course), or disorders that can give rise to dementia, could only be assigned a diagnosis of possible AD. Finally, only histopathological examination, confirming the presence of the characteristic brain lesions, could provide diagnostic certainty and thus allow a diagnosis of definite AD. Over time, this clinical-neuropathological approach, together with the absence of clinical and biological criteria allowing the identification of other forms of dementia, resulted in low diagnostic specificity for AD (23-88%). 27 In fact, the NINCDS-ADRDA criteria can also be met by patients affected by various other forms of cognitive decline, such as frontotemporal dementia, corticobasal degeneration, diffuse Lewy Body disease and vascular dementia. However, in more recent years, thanks to the development of more precise histopathological definitions, a growing understanding of the pathophysiological processes underlying the disease, and the availability of in vivo biomarkers of disease, 28 AD can be identified in vivo, regardless of the degree of cognitive impairment, by the presence of a typical phenotype (a progressive disorder of episodic memory referred to as amnestic syndrome of the hippocampal type, ie, characterized mainly by recall deficits not normalized by cueing) together with at least one disease biomarker (medial temporal lobe atrophy on MRI, changes in the levels of Aβ or tau protein in the CSF, amyloidpositive PET scan or metabolic changes on FDG-PET). This new vision of the disease had two important effects: (1) it eliminated the concept of possible AD, which is incompatible with the new, highly specific, criteria for AD, and (2) it extended the diagnosis to include the prodromal stage, understood as the presence of amnestic mild cognitive impairment supported by neurobiological markers. The real advantage of these criteria seems to lie in their applicability to all the stages along the disease continuum. However, they also have limitations, such as their failure to take into account atypical AD and mixed AD, and the fact that all the biomarkers are assigned equal weight. A revised version of the IWG criteria 29 suggests that only the pathophysiological biomarkers (and not the topographical ones) should be used in the diagnostic workup. Table 2 shows these diagnostic criteria: notably, they state that typical AD can only be diagnosed if major depression has been excluded. The above considerations show that the most complex cases of association between cognitive disorders and depression can already be addressed using methods that allow early differential diagnosis between reversible forms of cognitive impairment and degenerative dementias. Conversely, despite significant advances in neuroscience, no widely accepted biomarkers are available to help diagnostics or identify preferred treatments for individuals with MDD. Neuroimaging has substantially contributed to understanding the putative neuronal mechanisms involved in depression as well as cognitive impairments in depressed individuals. Morphological, functional and molecular approaches have been used. Voxel-based morphometry and diffusion tensor imaging DTI studies have shown alterations in the anterior cingulate cortex, frontal cortex, insula, thalamus, hippocampus and in the prefrontal white matter, right solitary fasciculus, corpus callosum, inferior fronto-occipital fasciculus and left superior longitudinal fasciculus. 30 fMRI has shown aberrant functional connectivity in the salience network (predominantly consisting of the anterior insular cortex and dorsal anterior cingulate cortex) and in the cognitive control network (dorsolateral prefrontal cortex and pregenual anterior cingulate cortex), as well as hyperactivity in the default mode network (posterior cingulate cortex, medial prefrontal cortex, precuneus and temporo-parietal cortices) and in the affective network (amygdala and the subgenual and pregenual cingulate). 30 However, little evidence is available on an association of regional changes in brain function and cognitive deficits in MDD. Serotonergic system involved in MDD can be investigated with novel molecular tracers. Depressed individuals show an increased uptake on 11C-WAY-100635 (a 5-HT1A autoinhibitory receptor antagonist) PET, an indirect evidence of low 5-HT release and a decreased uptake on 4-[18F]-ADAM (a highly selective radiotracer for assessing SERT availability) PET. 31 Recently, both fMRI and molecular neuroimaging have been used to evaluate the therapeutic effect of a panoply of treatments in MDD, as will be further pointed out.
New pharmacological approaches: vortioxetine
Evidence has emerged in recent years that the underlying cause of depression lies in dysfunctions not only of the known aminergic neurotransmitter systems, but also of other circuits, such as the glutamatergic ones; similarly, the role of other pathogenetic mechanisms, such as loss of synaptic plasticity in areas involved in regulation of emotion and affect, has increasingly been clarified as well. 32 This has led to a growing interest in new molecules able to interfere with these systems and mechanisms, known to be involved in cognitive processes. However, the currently available antidepressant drugs have never been shown to have any efficacy on cognitive disorders. 33 In recent years, vortioxetine has emerged as an agent capable of acting on the serotonergic system through a peculiar mechanism of action, completely different to those characterizing the previously available therapeutic options. Having being shown, both in various animal models and in clinical trials, to improve cognitive performance, in 2013, this drug, which has a distinctive pharmacological profile, was approved in the European Union and in the USA for the treatment of MDD in adults. In 2015, the European Medicines Agency updated its data on the clinical efficacy of vortioxetine, stating that its effects include effects on cognitive and global functioning (to date, it remains the only antidepressant to which this applies).
Pharmacodynamic features
Most psychotropic drugs have a single mechanism of action, ie, they act on multiple targets but in the same way. For example, some of the more recent antidepressants block more than one transporter. Conversely, there are few drugs that act on different targets through more than one mechanism of action. Vortioxetine is an example of this latter category of molecules, termed "multimodal": indeed, as well as inhibiting serotonin (5-HT) reuptake mediated by the serotonin reuptake transporter (SERT) protein, it also modulates the activity of other serotonin (5-HT) receptors.
34 Figure 1 shows three of its mechanisms of action:
1. inhibition of a transporter (in this case, SERT); 2. various actions on different G protein-coupled receptors (ie, an agonist action on 5-HT1A receptors, a partial agonist action on 5-HT1B receptors, an antagonist action on 5-HT1D and 5-HT7 receptors); 3. an antagonist action on a ligand-dependent ion channel (ie, the 5-HT3 receptor).
The 5-HT1A, 5-HT1B and 5-HT1D receptors are located at presynaptic sites, while only the 5-HT7 receptor is located postsynaptically. Serotonergic neurons are well known to self-regulate their activity through the 5-HT transporters at presynaptic nerve terminals; inhibition of these transporters is the mode of action of SSRIs. When SERT proteins are inhibited, the amount of 5-HT in the synaptic cleft increases. However, the quantity of 5-HT released is regulated in an inhibitory manner by negative feedback mechanisms, mediated predominantly by presynaptic 5-HT1A receptors. This mechanism is thought to underlie the longterm desensitization of SSRIs and the restriction of their capacity to increase the amount of 5-HT they release. 35 Preclinical studies suggest that simultaneous stimulation of 5-HT1A autoreceptors and inhibition of SERT proteins accelerates the desensitization of 5-HT1A receptors and increases the release of 5HT. 36 There exist various rationales supporting the procognitive potential of vortioexitine. For example, 5-HT3 receptor antagonists, such as ondansetron, can counteract deficits in the retrieval of spatial (episodic) and fear-related memory in animal models of depression and cognitive dysfunction. 37 
Pharmacokinetic aspects
Studies have shown that vortioxetine possesses a linear pharmacokinetic profile. 38 Administered orally, it has a bioavailability of approximately 75%, irrespective of food intake. It shows high (98%) plasma protein binding, which does not seem to differ between healthy individuals and those with hepatic or renal insufficiency. Its plasma concentration peaks at between 7 and 11 hrs after oral administration, and it has a plasma half-life ranging from 57 to 66 hrs. Its apparent distribution volume is approximately 2,600 L, indicating that it is a lipophilic compound that shows extensive extravascular distribution. The pharmacological activity of vortioxetine is due to the 
Animal studies
Vortioxetine, due to its effects on serotonin receptors, has been reported to prevent learning and memory deficits induced by central serotonin depletion and stress in rats, 40, 41 and to have positive effects on the modulation of circadian rhythms and episodic memory in rodents. 42 But the effects of the drug should not be viewed only in the context of "microcircuits" (or synapses) between presynaptic serotonergic neurons and postsynaptic sites; however, these neurons are also part of "macrocircuits" within a neural network (connectome) that links together huge numbers of cells. The activity inside this connectome explains the drug's indirect effects on other neurotransmitter systems. It is particularly interesting to note that prolonged administration of vortioxetine results in increased extracellular levels of noradrenaline in the medial prefrontal cortex and hippocampus, whereas its acute administration facilitates dopamine, histamine and acetylcholine release in different brain areas. 43 Moreover, it should be underlined that although vortioxetine induces increased dopamine levels in the brain areas involved in higher cognitive functions, it does not induce changes associated with abuse potential, given that it does not increase dopamine levels or the firing frequency of dopaminergic neurons in the nucleus accumbens. 44 Vortioxetine's 5-HT3
receptor antagonism is also thought to inhibit the activity of GABAergic interneurons (per se inhibitors) on pyramidal neurons and thus to trigger increased release of glutamate by the latter. 45, 46 With reference to what has already been said about the new mechanisms suggested to be involved in the pathogenesis of depression, several studies have reported that vortioxetine can play a significant role in neuronal plasticity, through the development of dendritic spines and the formation of new synaptic contacts. 47, 48 Indeed, the drug has been shown, in adult rats, to stimulate neurogenesis and thus hippocampal plasticity 49 and, through these mechanisms, to improve context discrimination (CD) in a laboratory mouse model. 50 However, a similar effect of vortioxetine in CD could involve mechanisms unrelated to neurogenesis. 51 A role could also be played by increased release of the brain-derived neurotrophic factor in the hippocampus, a phenomenon that vortioxetine appeared to induce in an experimental model of depression (chronic unpredictable mild stress in rats). 52 
Studies in humans
In 2013, vortioxetine was approved for the treatment of MDD in adults, at doses of between 5 and 20 mg/day (recommended starting dose, 10 mg/day for the under-65s and 5 mg/day for patients aged over 65 years). This is currently its only approved indication. The effectiveness (both short-and longterm) of vortioxetine has been demonstrated in numerous double-blind randomized controlled clinical trials, subsequently supported by meta-analyses. In 2017, a Cochrane systematic review 53 showed vortioxetine to be more effective than placebo in terms of response and clinical remission. However, it was pointed out that, in the absence of a comparison with SSRIs, the clinical significance of these effects remains uncertain. On the other hand, indirect comparison with serotonin-noradrenaline reuptake inhibitors (SNRIs) failed to show any advantage of vortioxetine, other than a lower number of side effects. In both these studies, vortioxetine was found to improve cognitive performances. 54 In three large randomized controlled studies in adults with recurrent MDD, short-term treatment with vortioxetine was associated with improved performances on the Digit Symbol Substitution Test and the Rey Auditory Verbal Learning Test, two objective assessment tools that cover a wide range of cognitive domains, including executive function, attention, processing speed, learning and memory. [55] [56] [57] The improvements observed on these measures were, in most cases, largely independent of the improvements shown in depressive symptoms. Furthermore, in another study, conducted in perimenopausal and early postmenopausal women, vortioxetine was found to improve depression as well as other symptoms, including cognitive ones, associated with this stage in female reproductive life. 58 More recently, vortioxetine 10-20 mg per day was found to be effective and well tolerated; the treatment was associated with improved performances on the Perceived Deficits Questionnaire, but not the Cognitive and Physical Functioning Questionnaire-these are two subjective measures of cognitive function-and it produced a significant and clinically meaningful improvement in performance on the University of California San Diego Performance-Based Skills Assessment, an objective measure of functional capacity. 59 Finally, in humans, two PET studies have been conducted using 5-HT transporter ligands (11C-MADAM or 11C-DASB) to quantify the 5-HT transporter occupancy in the brain across different dose levels. The mean 5-HT transporter occupancy in the raphe nuclei was approximately 50% at 5 mg/day and 65% at 10 mg/day and increased to above 80% at 20 mg/day.
60,61
Safety and tolerability
Overall, the current literature shows vortioxetine to have a good safety and tolerability profile. 62, 63 Adverse events are
reported by approximately 5% of patients in short-and longterm clinical trials. Nausea is the most frequent adverse event; generally of mild-to-moderate severity, it is commonly observed within one week of starting the treatment. This is an interesting finding in view of the drug's 5-HT3 antagonist activity. Dizziness, insomnia and nausea are more frequently reported at higher doses. Sexual dysfunction is reported in between 1% and 1.8% of cases. Among severe adverse events, suicide-related events are reported in 0.4% of cases (similarly to placebo). Vortioxetine is not associated with any clinically relevant changes in laboratory test results, even though elderly patients, and patients taking diuretics are at risk of developing hyponatremia during treatment. Similarly, the drug has not been found to significantly affect weight, blood pressure, heart rate or ECG variables. 64 While the efficacy of vortioxetine is comparable to that of other antidepressents (duloxetine, escitalopram, levomilnacipran, sertraline, venlafaxine, vilazodone), its tolerability, evaluated on the basis of discontinuation of the treatment because of an adverse event, is different; indeed, vortioxetine treatment is five times more likely than placebo treatment to be associated with a clinical response rather than discontinuation due to an adverse event.
65
Conclusions and future perspectives
Cognitive disorders are now widely acknowledged to be a transnosological category represented in many developmental mental disorders (ADHD, schizophrenia, and also MDD). To date, however, studies on antidepressants have almost always treated cognitive impairment as a secondary end point. Instead, cognitive function should be a critical target of therapy in patients with MDD; in fact, a large European longitudinal study involving 1,159 patients (PERFORM) showed that mental health-related quality of life in MDD is significantly low due to the severity of the depressive symptoms, but also of the cognitive impairment displayed by these patients. 66 We are thus seeing a change of emphasis in clinical research in this field, with future clinical trials necessarily including cognitive improvements among the primary end points. Future studies will need to involve observation of larger patient populations, over longer periods of time. Indeed, as mentioned, many patients whose MDD is in remission continue to show residual cognitive deficits, which can have a major impact on their functional outcome. Overall, as shown by the currently available literature (specifically, ad hoc designed studies with cognitive outcome as the primary end point), vortioxetine is the first antidepressant drug with proven efficacy in improving cognitive symptoms of depression. Furthermore, it is the only antidepressant agent, among those to date evaluated, showing relatively strong evidence of a positive effect on multiple cognitive domains; for others (SSRIs, SNRIs and bupropione), on the other hand, the available evidence is still relatively weak. 67 Furthermore, with regard to the methodological approach adopted in studies on vortioxetine and any new drugs with a similar profile, it will be important to identify a more suitable battery of tests for depressed patients, in order to minimize the possible discrepancies between studies. Indeed, the currently used neuropsychological tests do not seem to lend themselves adequately to these patients 25, 68 for a series of reasons, such as their inability to detect under ecological conditions the true effect of cognitive impairment in patients' daily lives, and the fact that they are often self-administered measures, and thus poorly overlap with objective cognitive assessment tools. It is nevertheless comforting to note the findings of a recent survey, which showed that Italian psychiatrists regard cognitive impairment as an important dimension of MDD and that cognitive symptoms were the most frequently cited symptoms when evaluating patients' possible return to work and risk of recurrent depression. 69 It should be noted, however, that although 70% of specialists claim that the presence of cognitive symptoms influences their subsequent therapeutic decisions, this is not always objectively confirmed in clinical practice. From the neurologist's perspective, since the efficacy of vortioxetine may extend beyond patients with depression, it would clearly be worth exploring its procognitive actionthis implies excluding a pseudospecific effect of the drug-in those clinical models that are currently at the center of clinical research, ie, patients in the very early stages of cognitive impairment, and who are biologically well-defined, thanks to the use of degenerative dementia biomarkers.
